Abstract-A Biochip is a platform of miniaturized microarrays arranged on a solid substrate that permits many tests to be performed at the same time in order to achieve higher throughput and speed. Single-cell identification, imaging and analysis in situ using Atomic Force Microscopy (AFM) faced a lot of difficulties as immobilizing the cells for direct cellular analysis is still a major challenge. One approach to overcome this problem was the use of organized arrangements like microarrays to trap the cells and placed them in a controlled manner. This can be achieved by fabricating these microarrays on a special platform such as Biochip. To manipulate the cells' movements, an electrokinetic phenomenon known as dielectrophoresis (DEP) was used for that purpose. Non-uniform AC electric fields generated by the interdigitated microelectrode arrays provide an ideal method for manipulating and controlling particles [1]. The cells were captured using positive and negative DEP forces in cavities placed at different locations within the electrode arrays. As some cells have no tendency to spread over substrates during culturing, the contact area between the cell and substrate is very small, often leading to cell detachment by the scanning tip. Thus by employing the cavity trapping method, not only the cells were perfectly anchored to the surface but also their heights were lowered to within a set-scan level of the AFM, enabling faster time-to-analysis. This paper reports the development of a new layout for the Biochip electrodes intended for DEP cell manipulations.
INTRODUCTION
Typically, a Biochip's surface area is no larger than a fingernail. Biochip can perform thousands of biological reactions, such as sorting, trapping, and screening large numbers of biological samples for a variety of purposes, from disease diagnosis to detection of bioterrorism agents in just a few seconds. Another approach that has emerged from the Biochip technology is the Lab-on-a-chip (LOC) device. LOC is defined as a device that integrates one or several laboratory functions on a single chip and incorporating micro-fluidic channels for the handling of extremely small fluid volumes down to less than pico litres [2] . Earlier work by previous researcher [3] has shown some interesting and promising results, where an electrode array chip known as the 'Biochip' has been developed to trap single-cells within cavities for high resolution analysis. Unfortunately the trapping efficiency of this approach was poor and worked well only for polystyrene beads and dead cells. To solve this problem, a new design of Biochip microarrays was necessary. The requirement was that the Biochip must be able to perform as a platform to control and manipulate certain type of cells, and also as a substitute for cell culturing plate, with the intention to prolong culture times in order to reduce cell heights.
However, since direct cellular imaging using AFM has resulted in low image quality and inadequate resolution, the idea of integrating the Biochip platform with the Bioimprint technique has become a major challenge. This paper will elaborate on the work that has been done in the development of a new layout for the Biochip electrodes and some of the difficulties faced in applying DEP for cell manipulation. Dielectrophoresis (DEP) is a phenomenon in which a force is exerted on a dielectric particle when it is subjected to a nonuniform electric field [4] . All particles exhibit dielectrophoresis activity in the presence of electric fields and this force does not require the particle to be charged. However the strength of the force depends strongly on the medium and particles' electrical properties, on the particles' shape and size, as well as on the frequency of the electric field. Consequently, fields of a particular frequency can manipulate particles with International Conference on Electrical, Control and Computer Engineering Pahang, Malaysia, June 21-22, 2011 great selectivity. This has allowed, for exampl of cells or the orientation and manipulation o [5] . Phenomena associated with dielectropho rotation and travelling wave dielectrophor Dielectrophoresis can be enhanced using mult in what is known as multiple-frequency (MFDEP). For a field-aligned prolate ellipsoi length l (r > l) with complex dielectric c medium with complex dielectric constant dependent dielectrophoresis force is given by
Re
The complex dielectric constant is:
Where ε is the dielectric constant, σ conductivity, ω is the field frequency, and ј number [5] [6] [7] . This equation is accurate for ellipsoids when the electric field gradients ar (e.g., close to electrode edges). The equation account the dipole formed and not higher o [6] . When the electric field gradients are lar terms become relevant [6] , and result in high precise, the time-dependent equation only ap particles, because loss creates a lag between induced dipole. When averaged, the effect can equation holds true for lossy particles as well.
Dielectrophoresis can be used to manip separate and sort different types of particles. cells have dielectric properties [8] , dielectroph medical applications. Prototypes that separ from healthy cells have been made [9] . The difference between dielectrophoretic forc different particles in non-uniform electric fie DEP separation. The exploitation of DEP classified into two groups: DEP migration an DEP migration uses DEP forces that exert o force on different particle types to attract som and repel others [10] . DEP retention uses the DEP and fluid-flow forces. Particles experi and weak attractive DEP forces are eluted whereas particles experiencing strong attrac are trapped at electrode edges against flow dra
II. MATERIALS AND METH
In this research a combined approach of cap and positioning cells at known locations us negative DEP on the Biochip platform was tested. Both positive and negative DEP a chosen in order to yield higher success rate i and trapping. Later on the development o le, the separation of nano-particles resis are electroresis (TWDEP 
Biochip design
The main components and con are illustrated in Figure 1 . The desi micro-cavities aligned between a electrodes. Cavities etched within th regions of intense field act as in known positions on the substrate's s top of the electrodes are targeted cavities in between the electrodes a cavity has a unique locator enab addressing and identification throug Growth and differentiation of anchorage dependent cells are strongly influenced by the material or structure offered as substrate. Cell growth rates can often be improved by surface coating with attachment factors such as fibronectin, collagen, gelatine or polylysine. Surface roughness and homogeneous structure of the surface of the Biochip also played an important role in cell adhesion. Besides being used as trapping mechanism, the cavities also serve the purpose of anchoring cells in position and preventing the AFM tip from dragging the particle during scanning.
Materials for fabrication
In developing the Biochip, new materials were tested in order to find substrates that are biocompatible and suitable for cell culture. Based on previous work [12] , in order to prolong the culture times or for applying solvents to the cells for dehydration and drying, the cavities must be fabricated in a biocompatible and solvent-resistive material. One possible material is SU-8 (MicroChem Inc., MA, USA) which is available as a negative resist in photolithography fabrication process. It is a near-UV photoresist, epoxy-type based on EPON SU-8 epoxy resin (Shell Chemical) with relatively high thermal stability (T g > 200 °C for the cross-linked exposed resist) and suitable for low-cost mould or microstructures fabrications.
Electrode-cavity design and fabrication
The design of the Biochip platform involved several key processes, starting with finding the ideas of how the Biochip should look like, how the geometry and shape of the electrodes and cavities should be, in order to sort and trap the cells. To achieve these, the configuration of the Biochip were designed to have at least 5 different sets of integrative microelectrode systems, such as the 2-pointed electrodes, 4-pointed electrodes, and interdigitated microarrays of electrodes and cavities placed side by side along a planar and rectangular electrode beam. For each of the electrode configuration, different setting were chosen in which some of them would have a diamond-like pointed tips, while others may just have a square-flat tips. These tip designs were used to form a non-uniform electric field pattern on the Biochip to generate dielectrophoresis force on the cells/particles within the sample fluid/media. The next step was to transform the design concept into reality. All ideas were transferred from drawing board to computer using L-Edit software (Tanner Research, USA), a draw type layout editor that is used primarily to design VLSI electronic circuits, printed circuit board layout and other computer aided design (CAD) work. Once the design was finished, it was transferred to a machine called Heidelberg µPG 101, a micro laser pattern generator for direct writing of photomask. The design files can be transferred in multiple data input formats (DXF, CIF, BMP). The photomask developed at this stage would be used later in the fabrication process.
Then to transfer the Biochip design from the masks to a silicon wafer, the mask aligner Karl Süss MA6 (Karl Süss GmbH, Germany) was used. It is a top and bottom side contact printer used to contact, align, and transfer features from a patterned mask to a photosensitive material by UV radiation exposure. A 350 W Mercury UV lamp with an intensity of 2.7 mW/cm 2 was used to expose the design from the photomask onto the photoresist material. Two techniques in the design and fabrication of the Biochip were investigated. The same layout of cavities and electrodes positions was used for both schemes. The first scheme involved the fabrication of the electrodes and cavities using a three-stage process with photolithography, wet/dry etching, metallic deposition techniques and nanoimprint lithography. The full process flow of the pattern transfer scheme is shown in Figure 3 . Firstly, a thin 20 nm adhesive film of nickel-chrome (NiCr) along with a 200nm layer of gold (Au) were thermally evaporated onto a 4 inch (100 mm) silicon wafer, insulated with 200 nm silicon nitride (SiN) layer. The electrodes are formed after Au and then NiCr wet-etching through a photolithography fabricated 1.5 µm positive resist mask -AZ1518 (Clariant Corp., NJ, USA), which was developed for 15 s in AZ300MIF (Clariant Corp., NJ, USA) and UV exposed for 12 s using the mask aligner. Later the wafer was hard-baked at 185 °C for 2 hours and O 2 plasma-clean for 10 minutes. In the second stage, a microscope glass slide (75 mm x 25 mm) or a 5 inch transparent glass mask (127 mm x 127 mm) was spin-coated with 5 µm thick SU-8 layer and soft-baked at 65 °C and 95 °C for 1 and 4 minutes respectively. The SU-8 mould was created on the glass slide/mask after being developed using SU-8 developer (1-Methoxy-2-Propyl) Acetat after a photolithography exposure based on cavity mask pattern transfer. Then the mould was soft-baked at 65 °C and 95 °C for 1 and 4 minutes respectively, and left to cool down to room temperature for 1 hour. Protruding pillar structures are formed on the SU-8 mould from the original cavity pattern mask.
In the third stage, a thin layer of PDMS was applied onto the sample substrate, and then the mould was brought into contact with the sample and they were pressed together under certain pressure, up to 0.3 bar (3 N/cm 2 ). The substrate together with the mould was then degassed in a vacuum chamber to eliminate air pockets. They were cured with softbaked at 80 °C for +2 hours and after being cooled down, the mould was separated from the sample and the pattern was left on the Au electrodes. To ensure alignment and uniform flatness between the mould and the substrate, a very precise and constant pressure need to be applied. The first attempt was to use a custom made metal enclosure that can hold both the glass slide mould and the Si wafer together, then a metal stamping block (with different weight; e.g. 250 g, 500 g, etc) was placed on top of the enclosure. This would pin-down the mould onto the PDMS layer on top of the Au electrodes. The metal stamping block was first removed before the substrate and the mould were cured. With this approach, pattern transfer i.e. the creation of cavities on the Au electrodes was possible but it had one major problem, which was misalignment. It was very hard to get the cavities aligned correctly at certain positions like at the centre of the interdigitated electrodes (as shown in Fig. 2 (a) ).
In order to solve this issue, a second appro using the mask aligner. In this attempt, the sa for photolithography exposure was followed aligning a photomask to the sample substrate brought into contact with the sample usin program. Cavities were able to be aligne accurately at their positions and contact WE Compensation) was done automatically by the obtain a uniform flatness between the mould a Unfortunately, the result was not as expected. was removed from the sample substrate, the c the PDMS layer started to disappear and shri able to be cured thermally. On the other hand curing with the mould and substrate still in c inappropriate as PDMS takes more than 8 room temperature, and the mask aligner is no thermal cure capability. PDMS was chosen during the initial desig soft polymeric stamp, which provides a low and good conformal qualities. This attribut conform to the total thickness variation imprinted substrate, while maintaining the desired features defined by the mould. But, P long, thermal cure under pressure which consuming and can take several hours [13] . T has other issues like swelling when in cont solvents and it also experiences shrinking d oach was devised ame process used d. But instead of e, the mould was ng hard contact d precisely and EC (Wedge Error e mask aligner to and the substrate. . Once the mould cavity pattern on ink before it was d, to perform the contact would be hours to cure at ot equipped with esses: First stagethermal evaporation, e -Formation of the from SU-8 using fabricated on top of by pressing an SU-8 gn because it is a w surface energy tes its ability to (TTV) of the fidelity of the PDMS requires a h is very time The material also tact with organic during the curing process which requires biasing of So, to overcome these issues, a new and it was simpler and easier with compared to previous approaches. I involved the fabrication of the elec two-stage process with photolithog techniques and wet/dry etching. Th pattern transfer scheme is shown in nm adhesive film of NiCr along w were thermally evaporated onto a wafer, insulated with 200 nm SiN formed after Au and then NiC photolithography fabricated 1.5 (electrodes pattern) -AZ1518 (C which was developed for 15 s in A NJ, USA) and UV exposed for 12 s 
Biochip with SU-8 layer
Based on the limitations of the first Bioch an improved design was developed for fabric a SU-8 resist layer. Selective sites were etched designed to incubate single cells above th electrode plane, which has high electrical regions. Regions surrounding the cavities on suppressed by the insulating SU-8 layer, pr locations and insulations for more effective positive DEP [3] . Some of the cavities were selected positions of low electrical field inten was chosen as the functional material in Bioch one of the biocompatible materials known and bio-MEMS fabrications. After exposure and highly cross-linked structure gives it hi chemicals and radiation damage. During t fabrication, the SU-8 layer formed on top of t showed some deformation in the form of cr from the cavities and extended towards the u surface. These cracks can be seen clearly in F (b)) and in agreement with a number of lit noticed that the thermal mismatch between silicon substrate material generates high film s coated SU-8 causing crack formation in the [14] . After extensive testing and investigat baking parameters were found to be workin the crack formations. The extra step was to sample substrate at 185 °C for another 5 m development process has completed. But the thing is to make sure that the temperature ram be done as slow as possible. Using this add crack formations can be avoided, as long as step down is done very slowly and under cont In Figure 6 , we can see that the cracks were from the surface of the SU-8 layer after the temperature step down process has finishe analysis shows that the cavities have average ~ 15 µm, and deepness of 2.2 ~ 2.6 µm. 
Polystyrene-beads trapping
The Biochip was first tested usin beads with different sizes (e.g. 10 µ position the bead within cavities by DEP, they were resuspended in de an estimated conductivity of < 10 solids of < 10 mg/L. Its dielectric co 80) dominated largely by ionic con used of a low conductive medium polystyrene beads due to the inabili freely through the liquid, thus inc while avoiding electrolysis. A lim suspension was placed on top of the clips deliver the desired signal to the 50 Hz waveform with amplitudes ra applied to the electrodes and within was that the microbeads had arran electrodes, either at the edges or electrodes. This can be seen clearl shows the microbeads are scattered but not on the silicon layer. Positive to move towards the higher electric being evenly distributed in parallel a Experiments were conducted n hour at voltage higher than 12.5 V pat higher voltages will introduce Jo hydrodynamic effects which res inhomogeneous liquid medium, allo charges in the bulk that interact wi electric field. The effect of this int and around the cavity structures above the substrate [15] and can al suspending medium. This heatin temperature of the media to rise a being left for so long. This not only media, but also can cause some degr the Biochip platform due to overh crystallized salt from the media.
Another sinusoidal waveform wi 1 ~ 25 V p-p was applied again to th time the frequency was changed to least an hour. The result showed opposite directions, in which they w (b) the cracks that were visible as in eaving an even and smooth film of D DISCUSSION ng polystyrene microsphere µm, 15 µm and 25 µm). To y either positive or negative -ionized water (DIW) with µS/cm and total dissolved onstant is relatively high (~ nductivity and dipoles. The generated more polarisable ty of ionic charges to move reasing the net DEP force mited volume of beads in e Biochip while pin-connect e contact pads. A sinusoidal anging from 1 ~ 25 V p-p was n 1 hour after that, the result nged themselves along the r over on top of the Au ly in Figure 7 (a) where it all over the Au electrodes, e DEP has forced the beads c fields with some of them along with the electrodes. not to exceed more than 1 -p as prolong DEP exposure oule heating that can cause sult in formation of an owing the creation of space ith the externally generated teraction is fluid motion in and levitation of particles so cause dehydration to the g effect also caused the and started to evaporate if y affects the liquidity of the ree of structural damages to heating and the presence of ith amplitudes ranging from he same Biochip setup. This o 5 kHz and applied for at the beads have moved in were repelled away from the electrodes or in this case, the regions of inte gradients. Negative DEP has forced the beads the lower electric field intensity and away fro Most of the beads had formed structures that bridge connecting between two parallel phenomenon can be seen clearly in Figure 7 ( view of an area where the beads can be seen c at positions near the weak intense electric field 
IV. CONCLUSIONS
A new technique was formalized in fabrica which was simpler and easier with shorter fa compared to previous approaches. The fabric the electrodes and cavities involved a tw comprising of photolithography, metallic depo and wet/dry etching steps. SU-8 resist was use to cover the upper side of the electrodes, an numerous known locations to form the hole overcome crack formations problem which i SU-8 material, additional baking parameters w minimise the cracks. However the most impo cool down the SU-8 layer very slowly with th 
